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INTRODUCTION 
Ever since man has moved to confinement farrowing of 
swine, the problem of iron-de£iciency in baby pigs has in-
creased. The problem can be partially alleviated by various 
treatments which can be employed by the swine producer. 
However, many of these treatments introduce stress to the 
young piglet and involve much time and labor, which · may not 
be available during parturition. 
A beneficial tool to the porcine producer would be the 
elimination of both the stress placed on the neonatal pig 
and of the extra labor by providing a hematinic which could 
be administered prepartum to the dam. The hematinic employ-
ed must be absorbed by the dam, nontoxic, and able to be -
transported across the placental barrier to the fetus and 
available for metabolic processes. 
Bagley and associates (1971) demonstrated that an iron-
chelate was significantly absorbed by the pregnant rat and a 
large quantity of it transported to the fetus. The iron-
chelate, ferric nitrilotriacetic acid (Fe-NTA), has not, to 
the author's knowledge, been investigated in pregnant swine. 
Bothwell, et al. (~958) observed in pregnant rabbits, 
that the amount of iron transported from the maternal plasma 
to fetus increased progressively with age and weight of the 
fetus. Since the last trimester in pregnancy demonstrates 
the greatest increase in fetal weight, this would be the 
most desirable time frame to examine a transportable 
hematinic. 
The primary objective of .this experiment is to observe . 
the enhancement of iron absorption in response to Fe-NTA, 
Fec1 3 , and NTA by the pregnant sow and their effect on iron 
transport across the placenta to the fetris. Their effects 
on iron absorption and assimilation by the fetuses for 
metabolic processes will be observed by their influences 
.on certain hemogram parameters.. . The . hemogram parameters to 
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be measured are red blood c·ell enumeration, hemoglobin levels, 
packed cell volume and Wintrobe indicies of both the dam 
and her newborn piglets. 
Approximately the last three weeks of gestation and the 
first three weeks of lactation will be evaluated. The 
secondary objective of this experiment is to determine the 
effects of the various treatments on evaluating milk iron 
levels and its availability to newborn pigs. 
REVIEW OF THE LITERATURE 
Pi·g·let Anemia 
E. R. Miller (1977 a,b) .described the four primary 
causative agents of swine anemia as: · 
(1) low body storage of iron in the newborn pig 
(2) tremendous growth rate of the nursing pig 
(3) low iron content of the sow's colostrum and milk 
(4) elimination of cpntact with the soil. 
The baby pig has one of th.e lowest body iron concentra-
tions when it is born. Th{s level is considerably lower 
than the rat, cat, rabbit and man. However, during its life 
span t~is situation reverses resulting in the pig having thG 
greatest body iron concentration (Underwood, 1956). 
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The evaluation of the baby pig's growth rate may be 
obtained by comparison with other animals growth rate. With-
in the first six weeks of life the baby pig will increase 
its body weight by a factor of ten, while a calf, colt or 
child will have only doubled their body weight (Mi l ler, 
1977 a,b). 
This rapid growth and reversal of body iron concentration 
determine that the baby pig must have a .very high iron 
requirement. Verification of a high · iron requirement was 
observed by Venn et al. (1947) who demonstrated that 21 mg. 
of iron is needed per pound of gain if adequate iron levels 
are to be maintained. Coupled with an average absorption 
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coefficient of 10% (Underwood, 1956) , this lead to a daily 
iron requirement of 70-110 mg. or 210 mg. per pound of gain. 
Since the baby pig has this large requirement it must be 
satisfied by either the sow's milk or by an environmental 
source. 
Sow's colostrum contains an ave~age o£ 10 ppm of iron 
and this level declines quickly to approximately s. ppm (Brent, 
et al. 1973). Baby pigs fed a mi.lk diet have established an 
iron requirement to be from 50-125 ppm {Matrone, et al. 1960; 
Hitchcock, et al. 1974; u1·1rey, et al. 1960) • . It is quite 
apparent that this requirement can not be fulfilled by the 
dam's milk and must result from an environmental source 
as well. 
Environmental iron was obtained from the soil before 
confinement raising. However, the provision o£ soil in our 
modern confinement systems would introduce more labor and 
expense to the swine producer. The only other external 
sources to help diminish this iron requirement would be 
through the sow's feed and feces. Indeed, the success of 
programs intended to prevent anemia by supplementing the 
sow's diet with iron may be largely due to the baby pig's 
eating the dam's feed and feces (Miller, 1977 a,b). 
However, the difference in time from when the pig is 
born till when it begins eating anything but milk is when 
anemia is most prominent. Thus, such a program as the above 
will not prevent the rapid onset of anemia. 
In summary, the suckling pig has a large requirement 
for iron which can not be supplied by the dam or is any 
longer acquired from the soil, so ~ountermeasures must be 
employed if piglet anemia is to be prevented. 
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Various Treatments Of Piglet Anemia 
McGowan and Crichton (1923) , were the first to recognize 
piglet anemia and to associate it with an iron deficiency~ 
Feeding iron compounds to the sow were the first attempts to 
alleviate the anemia observed in baby pigs (Doyle, et al. 
1927; Hamiliton, et al. 1930; Hart, et al. 1930). However, 
iron provided directly to the baby pig was the only effective 
treatment Doyle (1931). Doyle, 1931, 1932; Fulton, 1932; 
Kernkamp, 1935 noted that iron deficiency was a greater 
prob~em in pigs raised off sod than ones raised on sod. They 
demonstrated the alleviation of the problem by supplying 
fre.sh sod to the surroundings of the baby pigs. Another 
group (Hamiliton, et al. 1930; Hart, et al. 1929, 1930, 1931; 
Willman, et al. 1932), demonstrated the use of iron salts 
which were administered to the baby pig itself or swabbed on 
the sow's udder. This treatment helped alleviate the anemic 
condition, but acquired a disadvantage because they had to be 
applied frequently. 
The next advance in the treatment of piglet anemia came 
in the form of an injectable hematinic, iron dextran or 
Imferon (Barber, et al. 1955; Brownlie, 1955; Mcr.onald, et al. 
1955). They determined that one or two intramuscular 
injections of iron dextran prevents the development of 
anemia up to 35 days of age. Even though thfs treatment is 
the main choice of today and reduces labor, it has its 
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drawbacks. Baby pigs must be handled shortly after birth; 
it may be the cause of significant iron toxicity {Behrens, 
1957; Blandford and .Lodge, 1~66); it increases the pigs 
susceptability to iron-loving bacteria (Ashmead, et al. 1977) 
and is less effective in promoting high hemoglobin levels 
than daily oral treatments (Wahlstrom and Judl, 1960; Windels, 
et al. 1966). Another less -severe drawback is the staining 
of the ham muscle from the intramuscular injection. 
Knowi~g that iron dextran was not the ideal treatment 
for anemia, a new method was sought by investigators. A 
possible alternative route was chosen by trying to prevent 
ane~ia by utilizing the sow. Rydberg and colleagues (1959) 
chose to inject the dam with 500 mg. of iron in the form bf 
iron dextran. They observed that their injection two weeks 
prepartum resulted in higher hemoglobin levels in the early 
post-partum period. The higher levels were short-lived and · 
by a few days an anemic condition developed and continued 
throughout nursing unless another treatment measure was 
utilized. 
Injections of iron dextran either · prepartum or during 
lactation (Ponds, et al. 1961) demonstrated that there was 
no increase in either p~acental iron ·transfer or milk iron. 
The use of iron dextran through the sow was forgotten and 
the use of oral iron chelates resided. Amino ·acids (Brady, 
et. al. 1975), protein hydrolysates (Miller, 1977 a,b) 
fructose (Ullrey, et al. 1973) and fumaric acid (Miller, 
et al. 1964, Veum, et al. 1965) all have been used as an 
indirect method to prevent piglet anemia. Small increases 
in fetal milk was observed but in no case was it great 
enough to abolish the onset of anemia if baby pigs were 
restricted from contact with the sow's feed or feces. An 
iron chelate of nitrilotriacetic acid (NTA), administered 
orally, has demonstrated to be a sufficient source of iron 
for the fetus in the gestating. rat (Bagley, et al. 1971). 
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An amino acid chelate (Ashmead, et al. 1977) has demonstrated 
that enough iron is transported across the placenta to 
maintain sufficient hemoglobin levels through weaning when 
it is administered prepartum. This study needs to be 
substantiated to acknowledge whether or not the piglet had 
contact with the sow's feed or fece~. 
Iron · tartrate {Groppel, et al. 1974) and iron dextran 
(Cornelius and Hamon, 1976) have recently proved quite 
effective for preventing piglet anemia when administered 
orally immediately following birth. The reasoning for their 
success is believed due to the special absorptive state of 
the gastrointestinal trcct of the baby pig which allows rapid 
absorption of high molecular weight ·compounds. This treatment 
does not eliminate the labor and stress aspect for treatment 
of piglet anemia but it does eliminate staining the ham 
muscle and might reduce the problem of iron toxicity. 
In Summary, an excellent treatment which benefits both 
the pork producer and the piglet has not been introduced. 
The primary objective of this experiment is to observe 
whether ferric nitrilotriacetic acid (Fe-NTA) can fulfill 
that title. 
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Iron Absorption 
Although iron can be absorbed from all portions of the 
digestive tract, the proximal portions of the small 
intestine demonstrate the greatest absorption (Wheby~ et al. 
1964). Changing body demand for iron parallels the 
quantity of iron ·absorbed from the small intestine (Pirzio-
Biroli, et al. 1958; Conrad and Crosby, 1963; Charlton, et al. -- --
~ 1965; Helbock and Saltmqn, 1967). 
Mucosal Transport 
The ever changing body demand for iron suggests a 
specific transport system involving the intestinal mucosa. 
The absorptive capacity of the intesti~al mucosa seems to be 
limited in the physiologic range des~gnati~g saturation of a 
finite number of transport sites (Wheby, et al. 1964). 
Doses exceeding the physiologic range are not limited but 
are absorbed in larger quantities but in decreasing fractions 
of the total dose. It has been suggested that the 
·absorptive process exists in two steps: mucosal . uptake and 
serosal transfer. The latter step seems to be rate-limiting, 
but both experience saturability (Manis and Schachter, 1964; 
Wheby, et al. 1964). 
This transport sy_stem has been observed to show strong 
specificity for iron and low specificity for other competing 
metals. Even in cases of iron-deficient animals, iron 
~intained its strong specificity (Forth and Rummel, 1973). 
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The. two step nature of iron absorption suggests the 
brush border of the intestinal lumen and the mucosal cyto-
plasm as sites of an iron-specific transport system. 
Greenberger, et al. (1969) demonstrated that isolated brush 
borders of the proximal small intestine have approximately 
twice the iron binding capacity of those of the distal, 
paralleling the absorptive ·capacity of the respective seg-
ments. They further observed that iron-loading results in 
decreased binding capacity in· proximal segments without 
affeqting distal segments and that iron-depletion results in 
increased capacity in distal segments without affecting 
proximal segments. 
· Hubers, et al. (1971 a) discovered that isolated brush 
borders from the jejunum formed complexes with iron of 
. greater stability than those observed by the ideal brush 
borders. They also observed that these jejunum complexes 
were more highly specific for iron compared to the ileum 
complexes. The participation of brush borders in t he iron 
transport system is thus supported by the specific iron 
binding properties of the brush borders of the respective 
portions of the small intestine. However, the_ recognition 
of these ligands as only part of the total mechanism is 
suggested by the fact that iron absorption increases in the 
proximal small intestine in the deficient animal versus the 
normal; whereas the capacity of brush borders to bind iron 
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in the upper small intestine is increased only in the change 
from iron-loaded to normal states and not from normal to 
the iron-depleted state. 
Therefore, it is suggested that intracellular ligands 
may be an important step in iron absorption. Three 
different theories have been suggested all somewhat related 
but with different methods 'of iron transport. 
Granick (1951) proposed ferritin as the ligand involved 
in iron transport. He propos·e.s that the amount of iron that 
can be absorbed is limited by the number of apo-ferritin 
molecules with which iron can combine. In the iron-deficient . 
animal ferritin is not saturated allowing the uptake of more 
iron. However, upon saturation of ferritin no iron is taken 
up, such would be the case in iron-replete animals. This 
inverse correlation was demonstrated by (Weintraub, et al. 
1965), however, the importance of ferritin as an iron-trans-
port ligand is opposed by the fact that the ferritin content 
of mucosal cells of iron-deficient animals is less than that 
of replete animals (Brown and Rother, 1963; Charlton, et al. 
1965; Manis and Schachter, 1964). In addition, Whelby, et al. 
(1964) , noted that a difference between the kinetics of iron 
absorption and those for iron turnover with ferritin existed. 
Therefore, it is possible that ferritin accounts for · some 
iron uptake but definitely not all absorbed iron. 
Hubers, et al. 1971 b; Pollack, ·et al. 1972; Sheehan and 
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and Frenkel, 1972; Van Campen, 1974; Worwood, · ·et al. 1971, 
pr pose a second theory which involves a non-ferritin iron 
binding protein. Hubers isolated a protein which is increased 
in concentration in iron-deficient animals, has a higher 
activity in the proximal portion of the small intestine than 
in the distal portion and .correlates well with the time 
course of iron-bindi~g of muscosal cells during iron absorp-
tion. This iron-binding_ protein resembles· plasma transferrin 
in molecular weight, l~ght absorption and electrophoretic 
mobi~ity (Hubers, et al. 1971 b). 
·. Saltman (1965) proposes another theory in the intra-
cellular ti:ansport of iron which is mediated by small · 
molecular weight chelates. He also cla·ims that iron is 
.absorbed by passive diffusion of the chelates. Forth and 
Rwnmel (1973) su9gest that stable chelates·· may by pass the 
specific absorption mechanism, which would account for 
Saltman's theory. Nevertheless, chelation may play a role in 
iron absorption in iron transfe~ from the basal pole of the 
mucosal cell to the plasma where it is complexed with 
transferrin (Forth and Rummel, 1973}. It is apparent that 
this proce~s is not medi.ated by transferrin itself binding 
to the mucosal cells, as most absorbed iron passes directly 
into the bloodstream rather than taking the lymphatic route 
(Peterson and Mann, 1952). 
35512G 
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In summary, the mechanism of mucosal iron transport has 
been observed to be affected by iron demand, saturation 
kinetics and acknowledged to occur in two steps; mucosal 
uptake and serosal transfer. The ~irst step of mucosal 
uptake may be mediated by specific receptor sites located 
on the mucosal brush border. The step of serosal transfer 
in very unclear which may be more than one step itself 
involving any one of the three theories or their possible 
combinations. 
_ ..... ~ · 
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Regulation Of Iron Absorption 
Iron demand is the major regulator of iron absorption. 
The mechanism involved in regulating demand is uncertain but 
related to many physiologicai factors. The mucosal cells, 
elements in the blood stream and the intestinal lumen are 
only a few of the many possibilities·. 
Since the largest portion of stored iron is in hemoglo-
bin it is possible that €rythropoiesis is linked to iron 
regulation. Bothwell, et al.· ·1958; Pirzio-Biroli, et al. 
1958, observed that an increase in iron absorption following 
a phlebotomy was synchronous with an increase in erythro-
poietin, then maybe erythropoietion enhances iron absorption. 
Mendel (1961) demonstrated that erythropoietin does not 
enhance iron absorption. 
Hypoxia is yet another possible regulatory factor of 
iron absorption. However, the evidence does not support a 
"/' 
true correlation between the. two (Brittin, et ··al. 1968). 
Transferrin is another possible regulator of i ron 
absorption. It is suggested that when transferrin is 
saturated with iron it can not take on any more iron 
(Morgan, 1963). Thus, the mucosal cells are una}':-lle to 
release their iron illustrati~g depressed iron absorption, 
and the opposite would take place if transferrin was not 
completely saturated. However, transferrin fs not normally 
/ 
·' 
16 
completely saturated as observed by Morgan, 1963. 
The last hypothesized regulator is the mucosal cell 
itself. It is suggested by ·conrad, et al. 1964, that mucosal 
cells are imprinted at the time of their formation in the 
crypts of Lieberkuhn. Cells formed during iron-depleted 
states will absorb iron as effective·ly as those formed 
· during excess will reject iron. According to this theory, 
the cells .are imprinted by the amount of iron incorporated 
.in them at the time of format'i·on. This iron is thought to 
originate from body stores as a special form Of messenger 
iron. 
The previously mentioned hypotheses are definitely 
considered in the area of iron regulation. However, which 
one is .the major regulator can not be determined until more 
is known about iron absorption itself. 
Intralumenal Factors· Influencing Iron Absorpti·on 
Many factors affect the absorption of iron by either 
'increasing or decreasing the solubility of iron. Factors 
affecting iron solubility operate by one of three mechanisms: 
changes in the oxidation state of iron, changes in pH, or 
formation of iron salts or complexes. 
The oxidation state of iron is of great concern when 
studying iron absorption. Ferric iron can exist in 
aqueous solution a~ intestinal pH of a maximum concentration 
of 1.6 x 10-18 M; whereas iron in the ferrous state has a 
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saturated concentration of 1.6 x lo-2 M (Charley, et al. 
1963). This demonstrates why iron in the ferrous state is 
more available than its counterpart ferric iron for 
absorption in some species. · However , dogs and rats are 
capable of utilizing both forms of iron (Underwood, 1956}. 
The differences in the reducing abil.i ty of bile secretions 
may be the reason why both 'forms can be utilized (Conrad 
and Schade, 1968}. Forth and Rummel (1973) suggest ascorbic 
acid to be responsible for the effect. 
Another exogenous factor affecting iron absorption is 
the change of pH. Ferric iron is only slightly soluble at 
bas·ic pHs and readily soluble at acidic pHs. The acidic 
conditions present in the stomach keep ferric iron soluble. 
However, once out of the stomach the pancreatic juices begin 
to increase the pH, thus, decreasing the solubility of iron 
for absorption (Murray and Stein, 1966). 
The formation of salts and complexes in the third factor 
affecting iron so;J-ubility. A number of substances found in 
the diet which form salts or complexes are listed below 
(Forth and Rummel, . 1973}. Iron salts of phosphates, phytates 
and oxalic acid are poorly soluble and reduce the avail-
ability of iron. Ascorbic acid, citric acid, fumaric acid, 
malic acid, lactic acid, pyruvic acid, glucose, fructose, 
sorbitol, glycine, glutathione, cysteine and ·many others form 
soluble complexes with iron making it readily available for 
absorption. 
Several endogenous substances form comple xes with iron 
which could affect the absorption of iron . Differences in 
bile secretions as previously discussed and a protein 
secretion of a exocrine gland called l actoferrin may also 
affect the availability of iron (Forth and Rummel, 1973). 
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Various synthetic chelating agents may alter the 
solubility of iron. Chelating agents which f orm stable 
complexes with iron, such as desferrioxami ne (Bagley, et a l. 
1971). are poorly absorbed. While agents that f orm uns table 
complexes, such as NTA (Bagley, et al. 19 71; Helbock and 
Saltman, 1969) and EDTA (Helbock and Saltman, 1969) are 
fluently absorbed by the mucosal cell. I f the chelate is 
.absorbed its retention is not . guaranteed s uch is the case 
with EDTA which is quickly excreted in the· urine while NTA 
is readily retained (Helbock and Saltman, 1 969). Its 
retention seems to be dependent upon whether or not it can 
exchange its iron quickly with plasma transferrin . NTA has 
a half-life of iron exchange with transferrin of three 
seconds; the half-life of iron exchange between EDTA and 
transferrin is about four days (Bates, e .t al. ~967 a,b ; 
Saltman , 1965). 
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Maternal Disbribution Of Iron To The Fetus 
Iron reserves are laid down in the fetus during the 
pregnancy of most species. .These stores of iron are 
necessary for the rapid growth of the newborn animal. The 
transfer of iron across the placenta has not been ex-
tensively studied· in any of the domestic animals and the 
mechanism of transfer is not fully understood. However, 
most research has pertain.ed to the distribution of iron in 
the fetus from maternal source~ by use of radioactive Fe59 
(Dye~, ct al. 1969). 
Iron transport increases with fetal age in most 
mammalian species. The one species ~ot included in this 
. group is the porcine. Explanation for no increase is not 
understood at the present time, but could be associated with 
/ its epitheliochorial type placenta (Seal, et· al. 1972). 
Since the porcine dam does not increase iron transport to 
its fetus, any age of the fetua can be studied to determine 
the distribution of iron to the fetus. 
Dyer. and associates (1969) employing radioactive Fe59 
determined that 80% of the iron transported across the 
placenta was distributed to the liver. Approximately 15% 
was observed in the spleen. Possibly this large iron 
accumulation in these two organs may be attributed to their 
blood-forming responsibilities. Another organ receiving 
substantive quantities of iron was the adrenal gland. The 
c 
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carcass and the other organs received only a small proportion 
of the remaining iron. 
21 
Placental Transport Of Iron 
Placental transport of iron has not been studied 
adequately to present a concrete transport system. Four 
routes for the transfer of iron from dam to fetus have been 
proposed (Wislocki and Demsey, 1946; Amoroso, 1952; Sinha 
.and Mossman, 1966; Torbit et al. 1971) . These theories 
are: (1}, uterine secretions, (2), direct transfer of serum 
iron a cross membranes of the yolk sac p lacent a, (3), direct 
transfer of serum iron across· .the chorioallantoic placenta 
and (4 ) , phagocytosis of extravasated maternal red blood 
cells by trophoblast within hemoph~gous organs or hematomes 
followed by release of maternal hemoglobin iron into the 
fetal c irculation. 
Two of these theories have been observed to be partially 
true depending upon the type of placenta involved. Mammals 
with h emochorial placentation experience the rapid route of 
iron t ransport. Serum iron is released from transferrin to 
the placenta and its movement is to the f etal circulation 
(Bake a nd Morgan , 1969). The other route, in species with 
nonhemochorial placentation appears t o be by way of release 
from maternal hemoglobin in extravasated red cells as found 
in hemat omes and similar phag?cytic areas of the 
chorioal lantoic membranes (Seal, et ·al . 1972). 
This slower, phagocytic type r ou te does hot appear to 
allow i ron to cross the placenta and enter the fetal 
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circulation (Douglas, et al. 1972). Since iron must bypass 
the placenta, a barrier is observed in species such as the 
porcine which possesses an epitheliochorial placenta. Thus, 
placental iron transport is hindered by an epitheliochorial 
placenta and could be the primary factor as to why baby 
pigs are born with low iron stores. 
MATERIALS AND METHODS 
Experimental Animals And Facilities 
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Twelve pregnant cross-bred sows , (Yorkshire x Harnpshi~e 
x Duroc) , of third to fourth .litter a nd bred to a Yorkshire 
boar were employed in the experiment. The pregnant animals 
were housed in pen s approximately 2.5 rn. · by 5 m., three 
sows per pen for a total of_ 4 pens. All .Pens had a cement 
floor, individual waterers, and enclosed sleeping quarters. 
Each sow received 4 pounds of a 16% corn-soybean gestation 
ration ~aily. This was fed t o them by scattering the feed 
on the cement floor so each sow had an e qual chance to eat~ 
Pens were cleaned daily and straw used f or beddi~g. After 
parturition sows were fed a 16% corn-soybean lactation 
ration ad libitum. 
On the llOth day of gestation the s ows were moved to the 
farrowi~g unit. They were washed and assigned to their 
individual crates. The floor of the uni t was cement and 
sloped to both the front and back. Woodshavings were used 
for bedding and crates were cleaned daily. Each c r ate had 
an individual waterer and feeder. The unit's temperature 
was maintained between 16-17°C, with infrared lamps for the 
piglets. The building was ventilated b y 2 side exhaust fans. 
During the course of the experiment four sows became 
infected with a virus which induc ed the absorption of the 
fetuses . Thus, these four sows were l ost for the experiment. 
After parturition t wo sows acquired mastitis resulting in 
the loss of one complete litter and possibly influencing 
the results of the other. 
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The three baby pigs chos·en from each litter were 
randomly selected for experimental subjects. Each pi.glet 
was ear-notched, tail-docked and eye teeth-clipped on the 
day of birth. Piglets were not given any pre-starter or 
oral iron supplement. Water was available to them · from the 
dam's fountain. 
EXPERIMENTAL DESIGN 
The nested design with subsampling was utilized in this 
experiment. This design was chosen because of the 
hierachial structure that was involved with the experime~t. 
The sows were randomly divided into treatment groups based 
on number selection. Baby pigs from each sow were selected 
likewise. Sows were identified by ear tags and piglets 
were identified by ear notches. 
EXPERIMENTAL PROCEDURE 
Treatments And Their Preparation 
Each group of sows was randomly a ssigned to pens 
approximately three weeks prior to parturition as were the 
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treatments for each group. Pen-treatment combinations were 
as fol lows: 
Pen #1 - regular ration · 
Pen #2 - Fecl3 + regular ration 
Pen #3 - NTA + regular ration 
Pen #4 - Fe-NTA + regular ration 
= Trt. 1 
= Trt. 2 
= Trt. 3 
= Trt. 4 
The treatment solutions were prepared as follows: 
(1) FeC1 3 solution - 104.96 gr. Fccl3-6 H20 was added to 
500 ml. deionized-triple distilled H20 and neutralized to 
pH 7.0 + 0.2 slowly with solid NaHC0 3 • 
(2) NTA solution - 115.86 gr. NTA was added to 500 ml. 
deionized-triple distilled H20 and neutralized to pH 7.0 + 
0~2 slowly with solid NaHC0 3 . 
(3) Fe-NTA solution - 104.86 gr. FeCl3-6 H20 was added 
to 500 ml . 0.1 N HCl. Next 115.86 gr. NTA was added to 500 
m1. deionized-triple distilled H20 and t hen neutralized to 
pH 7.0 + 0.2 with solid NaHC0 3 . The NTA solution was s lowly 
added dropwise t o the stirring FeCl3 solution. This final 
solution was then adjusted to its stable pH of 5. 5-5.8* with 
* Courtesy of Paul Saltrnan and Ja~k Hegeriauer, Biol~gy Dept., 
University of California, San D1ego. 
\ 
\ 
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solid NaHC0 3 • 
All three prepared solutions were adjusted to a volume 
of two liters by adding deionized-triple distilled H2 0 and 
then stored in the refrigerator at 2°C. Eacb solution would 
provide eight days of treatment. 
The treatments were administered- by pouring 83 ml. of 
each treatment solution on to the respectiv.e ration for each 
sow each day. 
Sample Collection And Analysis · 
Prepartum dam blood samples were collected approximately 
3 weeks prior, 10 days prior and on the day of parturition . . 
Blood samples of 1-3 ml. were obtained by insertion of a 
1~", 20 gauge, double-headed needle into an superficial ear 
vein and withdrawing the blood utilizing a pre-hepainized 
vacuum tube. 
Piglet blood samples were collected at birth, 3 days, 
10 days and 21 days postpartum. The sample's (0.5-1 ml.) 
were collected by inserting a 1~", 20 gauge needle attached 
to a 5 ml. heparin coated syringe beside the episternal 
·cartilage and angling the syringe slightly medially and 
caudally. This blood was immediately transferred to a 
pre-heparinized tube. 
Sow milk was collected on the day of parturition and 
ten days postpartum. The sample was obtained by cleaning 
the mammary . gland and then stripping about 2 to 3 ml. of 
milk into an acid washed test tube which was stoppered and 
then fro zen until analyzed. 
· Blood samples were analyzed for red blood cell count, 
* hemoglobin concentration and packed .cell volume. The 
Wintrobe Indices were calculated utilizing this data. 
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Milk samples were diluted by a factor of 51 v/v with a 
-0.1% solution of Triton X-100. • They were then compared 
with a 0.05 ppm Fe standard solution utilizing the Flameless 
. ** Atomic Absorption Spectrophotometer to obtain milk iron 
concentrations. 
Analysis Of Collected Data 
All collected data ~as analyzed by analysis of variance 
by a nested design with subsarnpling (P = 0.05). Treatment 
analyses yielding significant results were further tested 
using Tukey's Test for treatment means (Steel and Torrie, 
1960). 
* Courtesy of Mrs. Hazel Shave, Veterinary Diagnostic 
Laboratory, South Dakota State University, Brooki ngs, 
South Dakota, 57007. 
** Perkin-Elmer Corporation, Norwalk, Connecticut, 06956. 
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RESULTS AND DISCUSSION 
Two sows aborted in both treatments 1 and 2. Mastitis 
was acquired by two sows of treatment 3 resulting in the loss 
of one complete litter two days following farrowing. ·The 
collected dam data as shown in Graphs 1-6, indicate only 
minor trends and no statistical change in any of the selected 
. hemogram parameters. All discussed data will be co·mpared to 
the control _ group data. 
Treatment 2 data indicated a decrease in hemoglobin 
conce~tration (Graph 1) but an increase in red blood cell 
numbers (Graph 2). An increase in packed cell volume (Graph 
3) was observed but decreases were noticed for the remaining 
parameters (Graphs 4-6). 
The decrease in overall hemoglobin must be attributed 
to less hem~globin being incorporated into the cell even 
though an increase in red blood cell numbers was witnessed. 
The increase in cell numbers did substantiate for the rise 
in packed cell volume indicating that the decrease in cell 
size was small. -The minimal microcytic state was accompanied 
by another condition. The increase in cell number and 
decrease in hemoglobin concentration supports a hypochromic 
state. 
The increase in all production would demand an increase 
in iron absorption to maintain the proper cellular hemoglobin 
levels. It appears that ferric chloride did increase cell 
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Concentration vs. Time 
production and that it either hindered or did not promote 
· the increase of iron absorption or cellular hemoglobin 
incorporation. 
Treatment 3 produced a decrease · in both hemoglobin 
concentration (Graph 1) and the number of red blood cells 
(Graph 2) • A decrease in packed cell volume (Graph 3) was 
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noticed as well as a decrease in mean corpuscular hemoglobin 
(Graph 4). Increases were observed for both the cell size 
(Graph 5) and mean corpuscular hemoglobin concentration 
(Graph 6 ). 
The decrease in overall hemoglobin was due to the 
decrease in cell numbers. The decrease i n cell number must 
be large since the packed cell volume was decreased even though 
there was an increase in cell size. The amount of hemoglobin 
per cell was decreased, however, the hemoglobin concentration 
·was increased. The above indicates a macrocytic condition 
along with a possible hypochromic state was pres ent. 
Considering there was a -decrease ·in cell number it is suggested 
that the iron demand was satisfied, signifying no necessary 
need for an increase in iron absorption. This would also 
support the decrease in cellular hemoglobin because less 
absorbed iro n may be available for incorporation i f chelated 
by NTA. 
The c omplex of Fe-NTA decreas ed hemoglobin concentration . 
(Graph 1) and red bloo d cell number (Graph 2) . Increases 
were observed for the remaining s tudied parameters (Graphs 
3-6) • 
. The observed decrease in overall hemoglobin was due to 
the decrease in cell numbers. However, the low cell count 
did not override the increase in cell size to decrease the 
packed cell volume value. It appears that the complex did 
increase cellular hemoglobin as well as its corpuscular 
concentration. Therefore~ a macrocytic hyperchromic 
condition was observed. 
This treatment did increase cell size and hemoglobin 
incorporation. The author suggests that NTA itself promotes 
an increase in cell size. It is possible that Fe-NTA 
increased iron abso rption which could be responsible for the 
increase in cellular hemoglobin and its corpuscular 
concentration. However, the decrease i n cell number could 
also be related to the usage of NTA. This decrease was the 
primary factor as to why no increase in overall hemoglobin 
was observed. 
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Piglet blood s amples, like the dam samples, were 
statistically analyzed for only treatment differences. 
Statistical differences (P = 0.05) were observed for birth 
MCH data a nd 21 day RBC enumeration data. Twenty-o ne day 
MCHC data demonstrated a statistical d ifference (P = 0.01) 
likewise. All o ther data produced no significant differences. 
Explanation for the difference observed on Graph 10 for 
the newborn piglet MCH values between group 1 and the others 
. (Table 1 ) could be attributed to there being only one litter 
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.in this group. It is also possible that the other treatments 
decreased the incorporation of hemoglobin into the cell. 
This seems unlikely since treatment 1 lat~r experienced the 
same decrease that was observed by the other groups. 
Twenty-one day RBC enumeration (Graph 8) also 
experienced a statistical difference between treatment 1 and 
the other treatments (Table 1). During this period all other 
treatment values are quite similar, while ·treatment 1 has 
a very l ow value. This difference ·may be due t o the other 
treatments increasing red blood cell production . Howeve~, 
again only one litter was involved with treatment 1 which 
could be an introduction of bias. 
The piglet data for treatment 2 indica~ed an increase in 
both ·blood hemoglobin (Graph 7} and red blood cell number 
(Graph 8} • All remaining parameters (Graphs 9- 11} experienced 
a decrease with the exception of mean corpuscular hemoglobin 
concentration (Graph 12) which increased. 
The observed increase in overall hemoglobi n must be 
attributed to the increas~ in cell numbers. However, the 
increase in the number of cells did not increase the packed 
cell volume, instead it was decreased because of t h e small 
cell size. This situation suggests a micro cyt i c conditi on 
for this . group. The small cell size along with the increase 
'· 
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Table 1. Results of Tukey's Test for treatment means which 
demonstrated a significant difference • 
. Piglet Birth MCH 
Trt. 3 
20.6711 
Piglet 21 Day RBC 
Trt. 1 
3. 625 . 
Piglet 21 Day MCHC 
T-rt. 4 
30.2538 
. Tr.t •. 2 
22.6~66 
Trt. 4 
5.096 
Trt. 1 
36.7600 ' 
. . Tr.t •. 4 Trt. 1 
23.336 6 27.6733 
Trt. 2 Trt. 3 
5.286 5.353 
Trt. 3 Trt.. 2 
37.3991 46.7566 
For all least square mean values the respective units 
are as follows: 
Hb - gm/dl. 
RBC - X io6 
PCV - % 
Milk - ppm 
MCH - picugrams 
MCV - p 3 
MCHC - .% 
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in cell numbers was responsible for both t he decrease in 
mean corpuscular hemoglobin and the significant increase in 
mean corpuscular hemoglobin concentration (Table 1). 
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It appears that ferric chloride did p romote increased 
small r ed blood cell production. This observation was not 
mentioned by previous investigators . . Since the cellular 
hemoglobin was low in the baby pigs, it can not be 
substantiated whether treatment 2 increased the incorporation 
o~ iron into hemoglobin. The indication of both the dam and 
piglet having a colycythernia microcytic condition does 
support the fact that some affect from using ferric chloride 
was ·transported across the placenta. With the p iglet having 
a h~gher overall hemoglobin concentration than t he control 
group, it is possible that treatment 2 did increase iron 
transport across the placenta. However , the actual increase 
was not significant enough to support this hypo t heses. 
Treatment 3 produced increases in overall hemoglobin 
(Graph 7 ) , red blood cell numbers (Graph 8), packed cel l 
volume (Graph 9), and mean corpuscular hemoglobin 
concentration (Graph 12) . It did decrease cell size 
(Graph 11) and the amount of hemoglobin per cell (Graph 1 0 ). 
The i ncrease in red blood cell numbers was responsible 
for both the increase in overall hemoglobin and pac ked cell 
volume. This increase in cells also affected "the 
corpuscular hem~globin levels because with a la~ge number of 
small cells, the need for the amount of hemoglobin per cell 
is less. Also the concentration of hemoglobin for total 
cell weight is greater. 
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The NTA data reflects its usage as a probable 
polycythemia microcytic promoter. Since the amount of 
hemoglobin per cell was low, it did not appear that any NTA, 
chelated with body iron~ was transported across the placenta 
to greatly increase pigle~t iron stores. Thi"s is further 
substantiated by the diffe~ent ·pathol~gical states observed 
for the dam and piglet. It does not determine if NTA itself 
was absorbed by the gut. 
The complex of Fe-NTA increased overall hemoglobin 
(Graph 7) 1 red blood cell number (Graph ·a) 1 packed cell 
volume (Graph 9) and mean corpuscular volume (Graph 11). 
Mean corpuscular hemoglobin (Graph 10) and mean corpuscular 
hemoglobin concentration (Graph 12) were decreased with the 
utilization -of the complex. 
Blood hemoglobin concentration was increased primarily 
from the increase in red blood cell numbers. This increase 
in numbers along with increased cell size contributed to the 
· increase in packed cell volume. The cellular ~emoglobin 
was lowered due to the increase in cell number creating a 
hypochromic condition. This condition is further supported 
by the significant decrease of mean corpuscular hemoglobin 
concentration (Table 1). 
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The increase in overall hemoglobin can support the 
hypotheses of Fe-NTA increasing iron transport across the 
placenta. However, due to less hemoglobin per cell and less 
concentration of hemoglobin, th~ tr~atment did not appear to 
substantially increase iron stores of the piglet. It is 
possible that the amount of time needed to substan~ially 
· increase the iron stores of th~ ne6natal pig is _ greater than 
the time utilized in this experiment. 
Fe-NTA increased the cell size in both the dam and piglet. 
Since both subjects demonstrated th~ same ·conditions, placental 
communication must be involved to some degree·. · The small 
molecular size of the complex may have ·al lowed the diffusion 
of the complex to occur across the placental barrier. The 
amount of diffusion must be small since n o significant higher 
level for hemoglobin was observed for this group. 
I t is apparent that no significant increase in either 
~~on absorption of the dam or placental transport of iron 
was observed in any of the treatment_ groups. The u sage of 
ferric chloride did promote increased r ed blood cell 
production, a condition not mentioned by previous 
invest~gators. Th~ usage of NTA and Fe-NTA did increase cell 
size. Whether this condition is subjec·t of the tre atments or 
the specific state of the bone marrow, can not be determined 
by this experiment. The experiment did determine that the 
usage o f NTA or Fe-NTA did not s~gnificantly increase iron 
absorption of the darn or the placental transport of iron to 
the fetus during the last three weeks of gestation. A 
possible placental communication was observed between dam 
-
and p iglet with the utilization of t reatments involving 
NTA, b ecause at p~rturition all the p1glet blood parameters 
were e nhanced by NTA complex except for MCH values. 
Analysis of the dam's milk samples produced no 
statistical differences between treatments. Evidently the 
usage of NTA did not influ~nce the mineral distribution 
in the production of colostrum or milk . Since · no change in 
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milk i ron concentrationwas observed, data supports previous 
investigator's conclusions that the dietary intake of ir~n 
plays no significant role in the iron levels of the milk. 
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SUMMARY 
The dams data indicated compensation for the increase of 
daily dietary iron intake. This compensation was by not 
absorbing the iron, absorbing the i'ron and then excreting it 
quickly , absor bing the iron and transferring it to the dam's 
storage, or by transportin~ it to the fetus. The ~bsorption 
of excess iron could not be measured by our experiment. 
Since Fe-NTA was quickly absorbed and its iron was released 
rapidly to transferrin, it. was possible that the Fe-NTA was 
absorbed and then excreted without its iron being released · 
to the transferrin. If the iron was released to the trans-
ferrin, then it could be transported to storage in the dam 
which our experiment could not determine. 
The piglet data does not completely substantiate that 
the excess iron was transported across the placenta. 
Therefore, it was believed that the Fe-NTA was absorbed and 
then excreted before any substantial iron was released. Yet, 
the NTA complex did increase the piglet hemogram parameters, 
except mean corpuscular hemoglobin at parturition. However, 
the possibility does exist that the entire gestation period 
should be utilized for treatment time since placental iro n 
transport is so slow . . If more iron than normal wa s trans-
ported across the placenta but still not significant, then a 
longer treatment period would be recommended~ 
The piglet data did demonstrate that some difference 
so 
was observed for birth MCH values and 21 day RBC enumeration. 
In order for these values to be statistically different, the 
element of possible bias must be al leviated. The difference 
observed in 21 day MCHC does designate that a difference 
existed. However, this difference ·does not appear to be 
related to iron absorption and its transport, instead it 
appears to be related to the conditio n of . the blood cell 
production sites. In either case, the net change in 
hemoglobin is not affected .. 
The milk data substantiates all past investigator's 
studies that dietary iron uptake of the ·dam does not 
influence the level of iron in the milk. · The ·mechanism 
involved in regulating the iron concentrations in milk still 
remains a mystery, however, the usage o f Fe-NTA to increase 
milk iron levels has been alleviated. 
The experiment did demonstrate that the usage of these · 
compounds did not physically introduce any toxic side effects 
to either the dam or offspring during the course of t h e 
experiment. It might be suggested that the experiment was 
respons ible for the four sow's abortions. However, sows in 
other herds separate from this experiment experienced the 
same problem. 
In s ummary , the usage of Fe-NTA as a hematini c for 
piglet a nemia was no t determine d by this experiment. The 
author does usggest that the entire . 'gestation period be 
51 
utilized before discarding its hematinic value. 
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APPENDIX 
Table 2. Analysis of Variance For Initial Sow Plasma Samples. 
Source 
Treatment 
Residual 
Source 
Treatment 
Residual 
Hemoglobin (Hb.) Red Blood Cell (RBC) 
df M.S. F df M.S. F 
3 
8 
2.5175 
2.2764 
0.90 
Mean Corpuscular 
Hemoglobin (MCH) 
df M.S. F 
3 
8 
1.9710 
1.4737 
1.34 
3 
8 
1.3393 
1 . 4619 
0 . 92 
Mean Corpuscular 
Volume (MCV) 
df M.S. F 
3 
8 
28.5685 
30.5713 
0.93 
Packed Cell Vol ume (PCV) 
df M.S. F 
3 
8 
12 . 2222 
46. 0000 
0.27 
Mean Corpuscular 
__ Hemo·globin Cone. (MCHC) 
df M.S. F 
3 
8 
12.9100 
22.6857 
0.57 
U1 
\Q 
Table 3. Analysis of Variance For 10 Day Sow Plasma Samples. 
Source 
Treatment 
Residual 
Source· 
Treatment 
Residual 
Hemoglobin (Hb.) 
df M.S. F 
3 
8 
0.6289 
4.0200 
0.16 
Mean Corpuscular 
Hemoglobin (MCH) 
df M.S. F 
3 0.3806 0.05 
8 7.1295 --
Red Blood Cell (RBC) Packed Cell Volume (PCV) 
df M.S. F df M.S. F 
3 0.2571 0.45 3 8.8889 0.39 
8 0.5756 8 22.7500 
Mean Corpuscular Mean Corpuscular 
Volume (MCV) Hemoglobin Cone. · (MCHC) 
df M.S. F •df M.S. F 
3 29.3046 0.32 3 3~5835 0.31 
8 91.7347 -- 8 11.5825 
0\ 
0 
. I 
Table 4. Analysis of Variance For Final Sow Plasma Samples. 
Source 
Treatment 
Residual 
Source 
Treatment 
Residual 
Hemoglobin (Hb.) 
df M.S. F 
3 6.4142 1.69 
8 3.8050 
Mean Corpuscular 
Hemoglobin (MCH) 
af M.S. F 
3 
8 
32.0082 
51.5834 
0.67 
Red Blood Cell (RBC) 
df M.S. F 
3 
8 
3.5973 3.43 
1.0503 
Mean Corpuscular 
Volume (MCV) 
of M.S. F 
3 
8 
92.5177 
51.6945 
1.79 
Packed Cell Volume (PCV) 
df M.S. F 
3 
8 
69.6389 
40.1667 
1.73 
M~an Corpuscular 
Hemoglobin Cone. (MCHC) 
af M.S. · F . 
3 
8 
84.9442 
67.7076 
1.25 
't 
0\ 
~ 
Table S. Least Squares Means For Initial Sow Plasma Samples. 
Treatment 
1 
2 
3 
4 
Treatment 
1 
2 
3 
4 
Hemoglobin 
13.4000 
14.7666 
15.1333 
13.5333 
Red Blood Cell 
7.4100 
8.9233 
8.6766 
8.1700 
Packed Cell Volume 
40.3333 
44.6666 
40.6666 
41.0000 
Mean Corpuscular Mean Corpus~ular Mean Corpuscular 
Hemoglobin Volume Hemoglobin Cone. 
18.3066 
16.6966 
17.4366 
16.5333 
54.3300 
50.2100 
"46.7866 
50.6633 
33.9466 
33.2300 
37.5866 
33.2900 
0\ 
1\) 
Table 6. Least Squares Means For 10 Day Sow Plasma Samples. 
Treatment 
1 
2 
3 
4 
Treatment 
1 
2 
3 
4 
Hemoglobin 
16.3333 
15.3000 
15.8333 
15.4666 
Red Blood Cell 
7.3866 
6.7966 
7.0033 
6.7400 
Packed Cell Volume 
43.3333 
42.0000 
39.3333 
40.6666 
Mean Corpuscular Mean Corpuscular Mean Corpuscular 
Hemoglobin Volume Hemoglobin Cone. 
22.1833 
22.5600 
22.6600 . 
23.0500 
58.3300 
61.7600 
. 66.1500 
60.6400 
33.9466 
36.5733 
39.2400 
37.8600 
O"t 
w 
Table 7. Least Squares Means For Final Sow Plasma Samples. 
Treatment 
1 
2 
3 
4 
Treatment 
1 
2 
3 
4 
Hemoglobin 
15.2333 
14.1333 
11.7333 
13.8000 
Red Blood Cell 
6.9566 
7.5933 
5.1533 
5.8433 
Packed Cell Volume 
38.0000 
41.3333 
30.6666 
33.0000 
Mean Corpuscular Mean Corpuscular Mean Corpuscular 
Hemoglobin Volume Uemoglobin Cone. 
22.4900 
18.5166 
16.6566 
23.5800 
54.7600 
54.0868 
66.0100 
56.3566 
40.9566 
34.2533 
47.2166 
41.8966 
1 
cr. 
~ 
Table 8. Analysis of variance For Initial Milk Samples. 
Source 
Treatment 
Residual 
df 
3 
3 
M.S. 
0.1616 
0.5186 
Table 9. Analysis of Variance For Final Milk Samples. 
Source 
Treatment 
· Residual 
df 
3 
3 
M.S. 
0.1995 
0.1050 
F 
0.31 
F 
1.90 
0'\ 
U1 
Table 10. Least Squares Means For Initial Milk Samples. 
Treatment Milk 1 
1 1.4900 
2 1.1600 
3 1.9800 
4 1.6233 
Table 11. Least Squares Means For Final Milk Samples. 
Treatment Milk 2 
1 1.2900 
2 2.3100 
3 1.5200 
t· 
4 1.6633 
0'\ 
0'\ 
Table 12. Analysis of Variance for Piglet Birth Plasma Samples. 
Hemoglobin (Hb.) 
Source df M.S. 
Treatment 3 6.3828 
Sow (trt.) 4 12.0795 
Residual 16 4.2263 
F 
0.53 
2.86 
Mean Corpuscular 
Hemoglobin (MCH) 
Source df M.S. F 
Treatment 3 37.7445 9. 9f2*,;) 
Sow (trt.) 4 3.8217 0.80 
Residual 16 4.7529 --
** Significant at 0.05 level. 
Red Blood Cell (RBC) 
df 
3 
4 
16 
M.S. 
2.0943 
1.15926 
0.8895 
Mean Corpuscular 
Volume (MCV) 
df M.S. 
3 114.2106 
4 88.·3433 
16 75.6178 
F 
1.31 
1.79 
F · 
1.29 
1.17 
--
Packed Cell Volume (PCV) 
df M.S. 
3 94.2083 
4 118.6667 
16 42.3333 
Mean Corpuscular 
Hemoglobin Cone. 
df M.S. 
3 53.3782 
4 .46. 6733 
16 65.1989 
F 
0.79 
2.80 
(MCHC) 
F 
1.14 
0.72 
1 
0\ 
....... 
Table 13. Analysis of Variance For 3 Day Piglet Plasma Samples. 
Hemoglobin (Hb.) Red Blood Cell (~C) 
Source df M.S. F df M.S. F 
Treatment 3 
Sow (trt.) 3 
Residual 13 
1.2640 
3.1890 
4.5374 
.40 3 
.70 3 
13 
0.6417 
1.6940 
0.9198 
0.38 
1.84 
Packed Cell Volume (PCV) 
df M.S . F 
3 
3 
13 
9.6715 
46 .. 3889 
42.6538 
0.21 
1.09 
Mean Corpuscular Mean Corpuscular Mean Corpuscular 
Hemoglobin (MCH) Volume (MCV) Hemoglobin Cone. (MCHC) 
Source df M.S. F df M.S. F df M."S. F 
Treatment 3 4.5197 0.06 3 14~7988 0.07 3 5.9809 0.11 
Sow (trt.) 3 79.3320 13.64 3 197.3139 3.75** 3 50.9530 5.22** ,. -
Residual 13 5.8179 -- 13 52.5811 -- 13 9.7577 
** Significant at 0.05 level. 
0\ 
(X) 
/ 
Table 14 . Analysis of Variance For 10 Day Pigl et Pl asma Samples . 
Hernog:lobin (Hb.) Red Blood Cell (RBC) Packed Cell Volume (PCV) 
Source a£ M.S. F df M.S. F df M.S. F 
Treatment 3 7.3087 0.17 3 2.4518 0.85 3 70.7310 0.74 
20. 43*"' 4.6@ 3 
~"""" 
Sow (trt.) 3 43.5410 3 2.8828 28.2333 6. 7r~ 
Residual 11 2.1315 -- 11 0.6256 -- 11 13.9697 
Mean Cor puscular Mean Corpuscular Mean Corpuscular 
. Hemoglobin (MCH) Volume (MCV.) Hemoglobin · Cone. (MCHC) 
Source df M.S. F df M.S. F · df M.S. F 
Treatment 3 4.8330 0.05 3 · 22.5329 0.16 3 26.6343 0.13 
Sow(trt.). 3 98.4436 90. 9~ 3 137.6671 4. 73**) 3 203.2285 43. 84* 
Residual 11 1.0827 - - 11 29.0969 -- 11 4.6304 
* Significant at 0.01 level. 
** Significant at 0.05 level. 
0\ 
\0 
Table 15. Analysis of Variance For 2]. Day Piglet Plasma Samples. 
Source 
Treatment 
Sow (trt.) 
Residual 
Source 
Treatment 
Sow (tr~.) 
Residual 
Hemoglobin (Hb.) 
df M.S. F 
3 
3 
11 
1.4918 
1.6774 
2.0580 
0.87 
0.82 
Mean Corpuscular 
-Hemoglobin (MCH) 
df M.S. F 
3 5.1268 0.78 
3 6.5607 3.55 
11 1.8459 
* 
** 
Significant at 0.01 level. 
Significant at 0.05 level. 
Red Blood Cell (RBC) 
df M.S. F 
3 1.5604 17.80'** ' 
3 0.0910 0.10 
11 0.8758 
Mean Corpuscular 
Volume (MCH) 
df M.S. F 
3 380.6793 4.46 
3 85.1601 2.92 
11 29.1894 --
Packed Cell Volume (PCV) 
df M.S. F 
... 
..) 
3 
11 
90.7256 4.01 
22 .• 6000 1.62 
13.9697 
Mean Corpuscular 
Hemoglobin Cone. (MCHC) 
df M.S. F 
3 - 2.03. 8482 30.75* \ 
3 6.5550 0.28 
11 23.6800 
t 
'-l 
0 
Table 16. Least Squares Means For Piglet Birth Plasma Samples. 
Treatment /\ HB 
1 .,'o/f 8.5333 
2 ~f 11.5666 
3 -, 9. 4555 
4 q 10.5444 
Sow Trt 
1 1 8.5333 
1 2 .11.5666 
1 3 8.9666 
2 3 7.6666 
3 3 . 11.7333 
1 4 12.5000 
2 4 10.5000 
3 4 ~ 8.6333 -
RBC 
3.1766 
5.0900 
4.5666 
4.5366 
3.1766 
5.0900 
4.2700 
4.2700 
5.3333 
., ... 
5.2900 
4.5933 
3.7266 
PCV 
19.0000 
31.0000 
24.3333 
28.0000 
19.0000 
31.0000 
23.0000 
18.0000 
32.0000 
I . 
34.0000 
26.3333 
23.6666 
MCH 
27.6233 
22.6566 
20.6711 
23.3366 
27.6233 
22.6566 
20.9266 
19.0100 
~2.0766 
I I 
, 
23.6233 
22.9000 
23,4866 
MCV 
60.2133 
60.4166 
53.4777 
61.7788 
60.2133 
60.4166 
53.6933 
46.6433 
60.0966 
I ' 
,. 
_, ~ . 
64.0033 
57.5200 
63.8133 
MCHC 
45.7966 
37.7033 
40.8233 
37.9611 
45.7966 
37.7033 
38.9033 
46.8400 
36.7266 
I I 
~ 
37.0033 
39.8866 
36.9933 
..._J ..., 
Table 17. Least Squares Means For Piglet 3 Day Plasma Samples. 
Treatment HB RBC PCV MCH MCV MCHC 
1 j 10.7666 4.5233 26.6666 24.0666 59.0500 40.8333 
2 J 10.7000 4.7266 28.0000 22.5800 58.4966 38.8466 
3 ~ 9.6166 3.8916 24.5000 24.8833 62.5833 . 39.9600 ~ 
4 q 10.0777 4.4888 26.6111 23.3116 60.9661 38.3027 
Table 18. Least Squares Means For 10 Day Pigl et Plasma Sampl es. 
Treatment ." 
Sow 
1 
1 
1 
2 
, 1 
2 
3 
1 
2 
3 
4 
TRT 
1 
2 
3 
3 
'4 
4 
4 
, 
.,., 
~ 
J 
I 
2 
j 
HB 
6.3000 
7.6666 
9.0833 
9.6222 
6.3000 
7.6666 
13.5666 
4.6000 
~-
7.9333 
12.8000 
8.1333 -
-· 
RBC 
3.3900 
3.9800 
4.0516 
5.1411 
3. 3900 
3.9800 
5.0433 
3.0600 
4.2733 
5.2700 
5.8800 
, 
PCV 
18.5000 
19.3333 
22 . 0833 
27. 1111 
18.5000 
19.3333 
29.6666 
1~ . 5000 
25.6666 
28.0000 
27.6666 
,, .. -
,· ' 
MCH 
18.6000 
19.2933 
20.9625 
18 . 9322 
18 . 6000 
19.2933 
26.8400 
15.0850 
18.·6033 
24.2800 
13.9133 
"' 
MCV 
54.6700 
48.6333 
53.0950 
53.8261 
54.6700 
48.6333 
58.6500 
47.5400 
60.8133 
53.0950 
47.5700 
() ; ;.., 
MCHC 
34.0200 
39.8933 
38.7841 
35.3144 
34.0200 
39.8933 
45.8533 
31.7150 
I -· 
30.8900 
45.7300 
29.3233 
.....,J 
w 
Table 19. Least Squares Means for 21 Day Piglet Plasma Samples . 
Treatment 
1 · 
2 
3 
4 
1 
HB 
6.5500 
7.8666 
8.1000 
8.1888 
RBC 
3.6250 
5.2866 
5.3533 
5.0961 
PCV 
18.5000 
17.3333 
21.6666 
27.0555 
MCH 
18.1350 
14.9700 
15.1825 
16.1055 
MCV 
50.2500 
32.9266 
30.6216 
53.6771 
MCHC 
36.7600 
46.7566 
37.3991 
30.2538 
